Bacular development is described for the Weddell seal, Leptonychotes weddelli, based on specimens from 1 to 18 years of age. The bacular apex, cross-sectional configuration of the shaft, base, and other aspects are described and compared with other genera of phocids. The anterior dorsal aspect of the baculum of Leptonychotes is unique among phocids in development of a pronounced crest as an adult.
The extensive studies of the baculum and associated reproductive organs of pinnipeds and other mammals recently have been reviewed by Miller et al. (1998) in their study of the harp seal (Pagophilus groenlandicus) . Comparative studies of the bacula of eared seals (Otariidae) by Morejohn (1975) supported their known phylogeny through most of their fossil record (Repenning 1975) . However, to date, no similar study of bacula has been done for the Phocidae, a diverse family with about twice as many genera (Wilson and Reeder 1993) .
Great variation has been noted in bacula of phocids. In contrast to eared seals, the baculum of phocids does not extend into the soft tissue of the glans penis (Green 1972; Harrison 1969; Harrison et al. 1952; Tedman 1991) . Interspecific differences in the baculum of adult phocids are primarily in length, cross-sectional shape, curvature, and degree of bulbous expansion of the proximal end (Phoca vitulina-Havinga 1933; McLaren 1958a; Scheffer and Kenyon 1963; Hydrurga leptonyx-Hamilton 1930; Laws 1984; Scheffer and Kenyon 1963; Ommatophoca rossi-Tedman 1991; Erignathus barbatusMcLaren 1958b; Mirounga leonina-Laws, * Correspondent: vmorejohn@citlink.net 1956; and all species of pinnipeds-Mohr 1963). Distal notches (or exostoses) also were described by Mohr (1963) that are variably present in Phoca vitulina, P. hispida, and Pagophilus groenlandicus. Notches are present but vary in number in Halichoerus grypus (5-7), and there were 3 notches in bacula of Erignathus barbatus. Shallow notches were found in Cystophora cristata. The bacula of Leptonychotes weddelli were described by Mohr (1963) and illustrated as having the distal ends flattened like a paper knife.
The intent of the present study was to describe bacular development in the Weddell Seal. This species is unusual because of the dramatic change in shape of the apex and subapical regions during maturation. Similar developmental changes have not been described for other species of phocids.
Five genera of phocid seals inhabit the pack ice and subantarctic islands of the southern oceans. The most northerly is the southern elephant seal (Mirounga leonina). The other four species are considered Antarctic seals (King 1964) ; the Weddell seal is circumpolar and occurs along the coast within sight of land and not on pack ice, and the crabeater seal (Lobodon carcinophagus) also is circumpolar, but it occurs The present study was restricted to description of the apex from anterior and lateral views, cross-sectional shape along the shaft, extent of development of the urethral groove, and size and shape of the proximal end. Most specimens (Table 1) had been aged by use of longitudinal sections of canines to determine dentinal annuli (Stirling 1969) .
RESULTS AND DISCUSSION
The anterior view of the bacular apex of Leptonychotes was triangular in all specimens except the 1-year-old, which was circular ( Fig. 1) . During growth, cross-sectional shape changed from circular to an ap- Table 1 ).
proximate equilateral triangle. With increasing age, the lateral sides of the triangle lengthened. In individuals of Ͼ4 years of age, the sides grew to 2-2.5 times the basal width. In dorsal view, the apex appeared rounded, unlike bacula of otariids, which are laterally flattened with a slightly anterior concavity (Morejohn 1975: figures 18, 20-22) . In lateral view, the anterodorsal edge of the distal end made an acute angle to the longitudinal axis similar to otariids. The basal end was bulbous in all specimens, but it varied in cross section from triangular to circular. On the ventral surface, about one-third of the distance from the base (or proximal) end, small protuberances or short ridges developed. They were symmetrical or asymmetrical in presence or size (Fig. 1) .
Among the 6 bacula assumed to be from adults (6-18 years of age; Table 1 ), a prominent crest developed on the anterodorsal apical surface and reached 12-25% of total bacular length (Fig. 1) . Thin diagonal lines (furrows) indicative of bacular bone growth (Fig. 1) showed anterodorsal development of the crest away from the longitudinal axis of the baculum of the juvenile condition. The uppermost edge of the crest was bilaterally asymmetrical in leaning to right or left for most of its length (Fig. 1) . In younger individuals without a crest, that area became sharply ridged, foreshadowing formation of the crest. That condition was evident in 1 of 3 subadult 4-year-olds.
Maximum bacular length was attained at about 5-6 years of age (Fig. 2) , as in Pagophilus (Miller et al. 1998 ). Development of the species-specific crest of Leptonychotes began at that time and continued to expand vertically up to 18 years of age in specimens examined (Fig. 2) .
Specimens of other lobodontine Antarctic seals also were examined. Body weights of those seals were available from museum tags on bacula such as Lobodon (BMNH1970-43; 220.5 kg), Hydrurga (BMNH 1969-31 ; about 210 kg), and Ommatophoca (BMNH 1969-35; about 220 kg) . The specimens of other species did not represent developmental stages comparable to bacula of Leptonychotes. The baculum of an adult Lobodon (BMNH 1970-43) showed weak triangulation with rounded edges only near the base that has a rounded apex that is circular in cross section, and it was oval throughout the body with greatest depth of the oval dorsoventrally. The baculum of an adult Ommatophoca (BMNH 1669-35) was bluntly triangular throughout its length with a marked urethral groove for about 75% of the shaft along the ventral proximal end. The apex was rounded from all sides and subapically triangular in cross section nearly to the proximal end, which was bulbous. With the exception of the marked urethral groove, it resembled an immature form of Leptonychotes.
The baculum of a juvenile leopard seal, Hydrurga (BMNH 1969-31) , was greatly arched for the anterior 33% of its length and had pronounced, sharp, right-angled edges along the ventral surfaces for nearly the entire length. That characteristic was not seen in any other phocid baculum studied. In cross section along the length of the baculum, it appeared as an inverted U or horseshoe shape. The apex was rounded anteriorly and was roughly triangular in cross section.
Specimens of phocid seals from the Southern Hemisphere, such as the southern elephant seal, Mirounga leonina (USGS, n ϭ 1), similar to the Northern Hemisphere M. angustirostris (MLML, MBM, OIMB, SRI, n ϭ 4), generally were circular in cross section anteriorly, with rounded apices and slightly bulbous proximal ends with ventrally flattened or slightly depressed urethral grooves (Fig. 3) . Leptonychotes, Ommatophoca, and Hydrurga shared characteristics of bacular morphology; however, Leptonychotes differed markedly in development of an anterodorsal crest with increasing age. Among the Antarctic seals, characteristics shown in Lobodon did not indicate close relationship to the other 3 genera. It basically resembled a smooth, slight sinusoidally bent twig with rounded ends.
The bearded seal of the Northern Hemisphere, Erignathus (USGS, n ϭ 1), was proportionately shorter in relation to length compared with other genera, broadly ovalshaped in cross section and with a unique apex that was slotted vertically and had no evidence of an urethral groove (Fig. 3) . The 2 bacula of Erignathus described, measured, and illustrated by Mohr (1963:32, figure 12 ) do not show a slotted apex, although she described the apex as having 3 tips, as she did for other genera, referring either to number of tips or notches between the tips. Mohr (1963) described Halichoerus grypus as having 5-7 notches. The USGS specimen of Erignathus from St. Lawrence Island in the Bering Sea has 2 smooth extensions (tips?) of bilaterally symmetrical bone that were not osseous exostoses. From dorsal views, the slot between the bony tips was 7 mm long, and from ventral view the slot extended proximally 11 mm, or Ͼ60% of the length of the dorsal slot (Fig. 3) .
Comparison of size between the USGS baculum of Erignathus and the 2 described by Mohr (1963) showed significant differences in proportions of length to width of base. The sum of measurements provided by Mohr (1963) for the 2 specimens from the Copenhagen Museum of Zoology (length ϭ 182.5 mm, width ϭ 32.5 mm) were compared with measurements of the specimen of Erignathus in the USGS collection (length ϭ 49.0 mm, width ϭ 32.5 mm). Mohr's specimens were the same width at the base but nearly 4 times longer. The adult specimen in the USGS collection from the Bering Sea was unique in its proportions and pronounced slotted apex.
In summary, all genera of phocid seals studied, with the exception of Leptonychotes and Erignathus, have a simple, generalized, carnivore-type baculum, bulbous proximally, circular to triangular in cross section, with some portion of the ventral surface flattened or depressed for the urethral groove. There is no ornamentation or modification of the anterior end as in otariid seals. Leptonychotes and Erignathus are exceptional and are the only genera with a derived or specialized apical end. During growth, Leptonychotes develops a vertically oriented, flattened crest along the dorsal surface of its baculum, most pronounced anteriorly, which is unique to this genus. Erignathus has a short and proximally bulbous baculum with a pronounced vertical slot at its apical end.
